In Escherichia coli, thiamine pyrophosphate is synthesized from thiamine monophosphate. Free thiamine is not involved as an intermediate in de novo synthesis of thiamine pyrophosphate.
The mechanism of enzymatic formation of thiamine pyrophosphate (TPP) has been fairly well elucidated for bakers' yeast. The reactions proceed through the independent formation of 2-methyl-4-amino-5-hydroxymethylpyrimidine pyrophosphate (HMP-PP) and 4-methyl-5-,-hydroxyethylthiazole monophosphate (Th-P) with their subsequent coupling; the condensation gives rise to thiamine monophosphate (TMP) . TPP is synthesized from TMP via the intermediate production of the free form of thiamine, i.e., TMP must first be dephosphorylated to thiamine before it can be converted to TPP (1, 2) . In Escherichia coli, the same enzyme system has been postulated to be involved in TPP synthesis (9) .
Recently we have produced two types of mutant: one (70-23-107) requires TPP and the other (70-23-102) TMP or TPP. They were produced by further mutation of a thiamine auxotroph of E. coli, 70-23, with N-methyl-N'-nitro-N-nitrosoguanidine. The parent organism has derived from W strain (ATCC 9637), and its biochemical lesion has been believed to exist at a stage in the phosphorylating steps of 2-methyl-4-amino-5-hydroxymethylpyrimidine.
This strain requires thiamine as the intact molecule because HMP-PP is not permeable through the cell membrane. Thiamine, TMP, and TPP are all equally active for the parent, whereas thiamine is inactive for 70-23-102 and 70-23-107; TMP is inactive for 70-23-107. The different growth responses between the parent and mutant organisms appear to be due to the second mutation which effects the phosphorylating steps of thiamine.
In the wild-type of E. coli, exogenous thiamine is accumulated intracellularly in a form of TPP. (Table 2) . These findings are contrasted with previous conclusions obtained with enzyme preparation of bakers' yeast; yeast must dephosphorylate TMP to thiamine which can then be directly converted to TPP. Yeast is presumably lacking in the TMP kinase. [Steyn-Parve (12) isolated an enzyme, thiaminokinase, from bakers' yeast, which catalyzed the reaction from TMP to TPP although TMP was less active than thiamine. Since the preparation was free from phosphatase, he believed that yeast possessed two different enzymes: one catalyzed the conversion of TMP to TPP and the other conversion of thiamine to TPP. Therefore, there remains, some possibility that, in the de novo synthesis of TPP in yeast, TMP is an immediate precursor of TPP.] However, E. coli possesses a TMP kinase as well as a thiamine kinase (thiamine monophosphokinase). Such enzymatic differences between yeast and E. coli lead us to the following conclusion: in E. coli, the free form of thiamine is not involved in de novo synthesis of TPP, but TMP, an exclusive product formed through the reaction between HMP-PP and Th-P, is buffer to yield 25 mg (dry weight)/ml. The complete system contained: 0.1 mm 'IC-thiamine (2 mCi/mM), 0.3 ml; cell suspension, 0.4 ml; glucose (4%), 0.3 ml; 1 M potassium phosphate buffer (pH 7.0), 0.5 ml; 0.1 M MgCl,, 0.1 ml; and water, 1.4 ml. The reaction was carried out at 37 C for 30 min. After the reaction was over, the reaction mixture was poured onto a type HA filter (Millipore Corp.), which was then washed with 3.0 ml of 0.2 M potassium phosphate buffer (pH 7.0) at 4 C. To extract thiamine, the filter (together with bacteria on it) was heated in 7.0 ml of 0.2 M acetate buffer (pH 4.5) at 100 C for 5 min initially and then at 75 C for 15 min and centrifuged. The radioactivity of the extract was then measured by a liquid scintillation counter. Counting samples were prepared as follows: 0.5 ml of the extract was mixed with 0.5 ml of 1 M hyamine hydroxide in methanol and kept at 45 C for approximately 15 hr. After being cooled to room temperature, 10 .0 ml of the liquid scintillator of the following composition was added: 2,5-diphenyloxazole, 100 mg; 1,4-bis-2-(5-phenyloxazolyl)benzene, 2.5 mg; naphthalene, 1.0 g in 10 It has been suggested that TPP cannot be utilized directly in E. coli cells but is utilized after being dephosphorylated at the surface of the cell membrane (8) . Free thiamine is as- Table 1 ). Cells were harvested, washed twice by 0.01 M tris(hydroxymethyl)aminomethane-hydrochloride buffer (pH 7.4) containing 0.03 M NaCl, and subjected to osmotic shock by the procedure of Nossal and Heppel (10) with an exception that the sucrose-treated cells were dispersed in distilled water instead of MgCl2 solution. Shocked cells were harvested by centrifugation and stored at -20 C. Five grams of the cell paste was suspended in 15.0 ml of 0.02 M potassium phosphate buffer (pH 8 The thiamine pyrophosphokinase has been reported to exist in E. coli (7) as well as in yeast (6, 11) . In E. coli, however, the demonstration of its existence has not been conclusive because neither the intermediate formation of TMP nor the ability of TMP to serve as a substrate has been checked.
Peculiar phenomena were observed with these mutants. TMP-dependent growth of 70-23-102 was competitively inhibited by thiamine, and TPP-dependent growth of 70-23-107 was the same by either TMP or thiamine. A possible explanation of these phenomena is that the competition would occur at the thiamine-binding site of apoenzymes catalyzing certain TPP-dependent reactions.
